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(g) A reflective liquid crystal display device and a method for fabricating same. 

@ A reflective liquid crystal display device com- 
prising a reflector with a number of small con- 
vex portions of the same shape is provided. The 
reflector is formed by patterning a photosensi- 
tive resin applied to one surface of a core 
substrate to a predetermined pattern so as to 
form a number of small convex portions, heat- 
treating the surface having the convex portions, 
and covering the surface with a reflective film. 
By suitably selecting the shape of the convex 
portions, the reflective properties of the reflec- 
tor are controlled. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

The present invention relates to a reflective liquid 
crystal display device which does not need a back- 
light, and a method for manufacturing the same. 

2. Description of the Prior Art 

In recent years, applications of liquid crystal dis- 
play devices to word processors, lap-top personal 
computers, pocket-size TV displays, and the like have 
been in rapid progress. Especially, a reflective liquid 
crystal display device in which incident light is reflec- 
ted to effect a display eliminates the necessity of any 
backlight, thereby lowering power consumption as 
well as reducing the size and the weight of the device. 

The conventional liquid crystal display devices 
mostly employ a twisted nematic (TN) mode or a su- 
per-twisted nematic (STN) mode. In such display 
devices, about a half of the natural light introduced 
therein is absorbed, not being reflected to the outside 
by a linear polarizer disposed therein, resulting in a 
dark display. To overcome this trouble, other display 
modes have been proposed in an attempt to utilize all 
of the natural light One example of these is a phase- 
change guest-host mode (D.L. White and G.N. Taylor, 
J. Appl. Phys. 45, p. 4718, 1974), which uses a 
cholesteric-nematic phase transition effect caused by 
the electric field. A reflective multicolor display using 
this display mode in combination with microcolor fil- 
ters has also been proposed (T. Koizumi and T. 
Uchida, Proceedings of the SID, vol. 29, p 157 
1988). 

In the liquid crystal display device using the 
above display mode which does not need the 
polarizer, a brighter display can be obtained if the in- 
tensity of the light scattered in the direction vertical to 
the display screen is increased for all incident light 
from every direction. For this purpose, the shape of 
the filmed surface of a reflector for the display device 
should be controlled so that optimal reflective proper- 
ties can be obtained. The aforementioned paper by T. 
Koizumi, et al. discloses a reflector which is fabricated 
by roughening the surface of a glass substrate with an 
abrasive, etching the surface with hydrofluoric acid for 
different periods of time thus controlling the rough- 
ness thereof and depositing a silver film on the 
roughened surface, so as to provide a bright reflective 
liquid crystal display. 

However, the roughened surface of the above ref- 
lector which is formed by scratching the glass sub- 
strate with the abrasive is neither uniform in shape nor 
reproducible. Therefore, in the above disclosed 
method, it is not possible to obtain a controlled 
uniform reproducible surface roughness on the reflec- 
tor, and thus to achieve a reflective liquid crystal dis- 
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play device with optimal reflective properties. 

The objective of the present invention is to pro- 
vide a reflective liquid crystal display device which 
comprises a reflector having an effective, reproduc- 
ible reflective properties, and a method for fabricating 
such a display device. 

SUMMARY OF THE INVENTION 



The reflective liquid crystal display device of this 
invention, which overcomes the above-discussed and 
numerous other disadvantages and deficiencies of 
the prior art, comprises an insulating substrate having 
a transparent electrode formed thereon, a reflector 
15 including a core substrate, a number of small convex 
portions formed on the core substrate by patterning a 
photosensitive resin applied to one surface of the core 
substrate by use of a photomask having a predeter- 
mined pattern, and a reflective film covering the sur- 
20 face of the core substrate having the convex portions, 
and a liquid crystal layer sandwiched between the 
insulating substrate and the reflector. 

In a preferred embodiment, the surface of the ref- 
lector on which the reflective film is formed faces the 
25 liquid crystal layer. 

In a preferred embodiment, the reflective film of 
the reflector functions as a counter electrode for the 
transparent electrode on the insulating substrate. 
In a preferred embodiment, the convex portions 
30 are formed at a pitch of 100 or less and have a 
height of 10 pum or less. 

According to another aspect of the present inven- 
tion, a method for fabricating a reflective liquid crystal 
display device having a reflector which includes a 
35 core substrate, a number of small convex portions for- 
med on the core substrate and a reflective film cover- 
ing the surface of the core substrate having the 
convex portions is provided. The method comprises 
the steps of patterning a photosensitive resin applied 
40 to one surface of a core substrate for the reflector by 
use of a photomask so as to form a number of small 
convex portions on the core substrate, heat-treating 
the core substrate having the convex portions, and 
forming a reflective film on the surface of the core sub- 
45 strate having the convex portions. 

Thus, in the reflective liquid crystal display device 
of the present invention, a photosensitive resin 
applied to one surface of the core substrate of the ref- 
lector is patterned so as to form a predetermined 
so shape of the convex portions thereon. In this way, the 
shape, size, and pitch of the convex portions, and the 
like can be optimally determined, thereby enabling the 
control of the reflective properties of the reflector 
effectively and reproducibly so as to provide a bright 
55 screen image of the display device. 

Further, the surface of the reflector coated with 
the reflective film faces the liquid crystal layer, reduc- 
ing the distance between the reflecting film and the 
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liquid crystal layer and thereby effecting a reduced 
parallax. Also, in this case, the reflective film can be 
used as a counter electrode for the transparent elec- 
trode on the insulating substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This invention may be better understood and its 
numerous objects and advantages will become appa- 
rent to those skilled in the art by reference to the 
accompanying drawings as follows: 

Figure 1 is a sectional view of a reflector constitut- 
ing a reflective liquid crystal display device 
according to the present invention; 
Figures 2a to 2d are sectional views showing the 
steps for fabricating the reflector of Figure 1; 
Figure 3 is a perspective view showing the 
measurement of the reflective properties of the 
reflector of Figure 1; 

Figures 4a to 4f are plan views of convex portions 
for the reflector of Figure 1 ; 
Figures 5 to 1 0 are graphs showing the reflective 
properties of the reflectors having the shapes of 
convex portions shown in Figures 4a to 4f, re- 
spectively, wherein Figures 5a to 10a show the 
dependence on an incident angle and Figures 5b 
to 10b show the dependence on an angle with 
respect to the coordinate axes on the surface of 
the reflector; 

Figure 11 is a sectional view of a reflective liquid 
crystal display panel according to the present 
invention employing the reflector of Figure 1 ; 
Figures 12a and 12b are graphs showing the 
applied voltage-reflectance properties; and 
Figure 13 is a sectional view showing an appli- 
cation of the present invention to a color liquid 
crystal display device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Figure 1 shows a reflector 1 7 to be used for a ref- 
lective liquid crystal display device of the present 
invention, and Figures 2a to 2d show the steps for fab- 
ricating the reflector 17. The procedure for fabricating 
the reflector 17 will be described as follows. 

As shown in figure 2a, a resist film 12 made of a 
photosensitive resin is formed on one surface of a 
glass core substrate 1 1 preferably by spinning at a 
speed of 500 to 3000 r.p.m. In this example, a glass 
plate (No. 7059 manufactured by Coming) having a 
thickness of 1.1 mm was used for the core substrate 
11, and the glass plate was coated with a photosen- 
sitive resin (OFPR-800 manufactured by Tokyo Ohka 
Kogyo Co., Ltd.) at a spinning speed of 1 000 r.p.m. for 
30 seconds so as to obtain the resist film 12 having a 
thickness of 4 um. Then, the core substrate 1 1 coated 
with the resist film 12 was prebaked at 90°C for 30 



minutes. Next, as shown in Figure 2b, a photomask 13 
having a predetermined pattern was disposed over 
the resist film 12 and light was radiated through the 
photomask 13 to the resist film 12, which was then 
5 treated with a developer (for example, a 2.38% solu- 
tion of NMD- 3 manufactured by Tokyo Ohka Kogyo 
Co., Ltd.) so as to form a number of fine convex por- 
tions 14 on the surface of the core substrate 11, as 
shown in Figure 2c. 
10 The section of the thus formed convex portions 14 

is a square having substantially right angles. How- 
ever, in order to cover the convex portions 14 with a 
reflective film 16 of a uniform thickness in a later 
stage, it is preferable to round the square convex por- 
ts tions 14. The inventors have found that the convex 
portions 14 can be easily rounded by heat treatment 
preferably at a temperature in the range of 120 to 
250°C, more preferably at 200°C. In this example, the 
heat treatment was performed at 200°C for 30 
20 minutes so as to obtain the round convex portions 14 
as shown in Figure 2d. 

Then, the surface of the core substrate 1 1 with the 
convex portions formed thereon was covered with a 
reflective film 16 having a uniform thickness as shown 
25 in Figure 1 . The material for the reflective film 1 6 can 
be Al, Ni, Cr, Ag, or other metal, and the thickness 
thereof is preferably 0.01 to 1.0 um. In this example, 
the reflective film 16 was formed by the vacuum 
evaporation of Ag. In this way, the reflector 1 7 was for- 
30 med. 

The shape of the convex portions 14 of the reflec- 
tor 17 obtained after the heat treatment is round as 
viewed from the top, as shown in Figure 4a. Other 
shapes such as an ellipse, a square, a rectangle, and 

35 a stripe as shown in Figures 4b to 4f are also possible. 
A diameter D, of the round convex portions 14 shown 
in Figure 4a is for example 33um, and a lateral gap 
and a longitudinal gap T 2 between the adjacent con- 
vex portions 14 are 20 um, respectively. Lateral and 

40 longitudinal distances between the centers of the 
adjacent convex portions 14 or pitches Pi and P 2 are 
53 um and 38 um, respectively. In Figure 4b, the stripe 
convex portions 14 of one example having a width 
of 28 um are formed with a gap T 3 of 1 0 urn and a pitch 

45 P 3 of 38 um. In Figure 4c. the stripe convex portions 
1 4 of another example having a width B2 of 33 um are 
formed with a gap T 4 of 5 um and a pitch P 4 of 38 um. 
In Figure 4d, the elliptic convex portions 14 having a 
length B 3 of 48 um and a width B 4 of 33 um are formed 

so with gaps T 5 and T 6 of 5 um, a lateral pitch P 5 of 53 
um and a longitudinal pitch P 6 of 38 um. In Figure 4e, 
the rectangular convex portions 14 of one example 
having a length B 5 of 43 um and a width Be of 28 um 
are formed with a lateral gap T 7 of 10 um, a longitud'h 

55 nal gap T e of 20 um, a lateral pitch P 7 of 53 um and a 
longitudinal pitch P 8 of 48 um. In Figure 4f, the rectan- 
gular convex portions 14 of another example having 
a length B 7 of 48 um and a width B 8 of 33 um are for- 
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med with gaps T 9 and T 10 of 5 urn, a lateral pitch P 9 
of 53 u.m and a longitudinal pitch P 10 of 38 u.m. 

Figure 3 shows a method for measuring the ref- 
lective properties of the reflector fabricated as des- 
cribed above. A model 1 for measuring the reflectance 5 
is formed to imitate the state of the reflector 17 being 
in contact with a liquid crystal layer when the reflector 
17 is disposed in an actual liquid crystal display 
device. In the model 1, over the reflector 17 is placed 
a dummy glass substrate 2 having a refractive index w 
of 1.5 which is substantially equal to that of an actual 
liquid crystal layer, and the reflector 17 and the 
dummy substrate 2 are sealed to each other with an 
ultraviolet-hardened adhesive 3. 

An incident ray 5 is introduced into the dummy 15 
substrate 2 at an incident angle 9 with respect to the 
normal of the model 1 and at an angle $ with respect 
to the coordinate axes on the model 1 (wherein when 
4> = 0° the angle <|> corresponds to the Y axis of an XY 
rectangular coordinate, and when 4 = +90° or -90° the 20 
angle 4 corresponds to the X axis thereof). A photo- 
multimeter 4 is disposed above the model 1 in the 
direction of the normal of the reflector 17 passing a 
point on the reflective film 16 irradiated with the inci- 
dent ray 5. Under these conditions, a scattering ray 6 25 
reflected by the reflector 1 7 is detected with the photo- 
multimeter 4. The incident angle 6 and the angle <j> of 
the incident ray 5 are varied to measure the corre- 
sponding scattering ray 6, thereby determining the 
reflective properties of the reflector 17. It has been 30 
confirmed that the model 1 has the same reflective 
properties as the actual liquid crystal display device. 

The reflective properties of the reflectors 17 cor- 
responding to the shapes of the convex portions 14 
thereof shown in Figures 4a to 4f are shown in Figures 35 
5a and 5b to 10a and 10b, respectively. In Figures 5a 
to 10a, the reflective intensity of the light introduced 
at the incident angle 9 is expressed as the distance 
from the origin O in the direction of the incident angle 
9. Each white dot denotes a result obtained when 4 = 40 
0°, and each black dot denotes a result obtained when 
<f> = 90°. The chain-line curve P shows the reflective 
property measured for a standard white plate (mag- 
nesium oxide). In Figures 5b to 10b, the reflective in- 
tensity R of the light introduced at an incident angle 9 45 
of 30° is shown as a function of the angle <J> with res- 
pect to the coordinate axes on the surface of the ref- 
lector. 

As is apparent from these figures, the reflective 
intensity R of the reflector 17 is high when the sides 50 
of the convex portion 14 of the reflector 17 are linear, 
and it is especially high when the light is introduced 
into the convex portion 14 at the right angle to the 
linear sizes thereof. On the other hand, when the 
sides of the convex portion 14 are curved, the depen- 55 
dence on the angle 9 is reduced. It is advantageous 
to make best use of these different reflective proper- 
ties of light and to vary the shape of the convex por- 



tions 14 of the reflector 17, the ratio of the length to 
the width of the convex portions 14, and the pitch of 
the adjacent convex portions 14, so as to control the 
reflective intensity R of the reflector 1 7 arbitrarily and 
reproducibly. Thus, in a reflective liquid crystal display 
device comprising the reflector 17 with which the ref- 
lective intensity R can be controlled, rays reflected at 
a desired angle can be effectively obtained. 

Further, it has been confirmed that the inclined 
angle of the sides of the convex portion 14 can be 
freely determined by suitably selecting the material 
and the thickness of the photosensitive resin for the 
resist film 12 and the temperature for the heat treat- 
ment, and in turn, by varying the inclined angle of the 
sides of the convex portion 14, the dependence of the 
reflective intensity R on the incident angle 9 can be 
controlled. It has also been confirmed that the rate of 
the regular reflective elements in the reflected rays 
can be controlled by varying the percentage of the 
concave portions between the convex portions in the 
entire area of the reflector. 

A reflective liquid crystal display panel fabricated 
using the above-described reflector 17 is shown in 
Figure 1 1, in which the reflector 17 and an active mat- 
rix substrate 20 are disposed facing each other with 
a predetermined space therebetween. The thus for- 
med space is surrounded by a seal 26 to define a 
liquid crystal layer 25 inside. The active matrix sub- 
strate 20 has a structure of thin film transistors (TFTs) 
22 formed on an insulating substrate 21 made of glass 
for example and pixel electrodes 23 connected to the 
TFTs 22. Further, an aligning layer 24 is formed on the 
entire surface of the glass substrate 21 so as to cover 
the TFTs 22 and the pixel electrodes 23. The reflec- 
tive film 16 (not shown in Figure 1 1) of the reflector 17 
is also covered with an aligning layer 27. The reflec- 
tive film 16 has another function as a counter elec- 
trode opposing the pixel electrode 23 on the active 
matrix substrate 20 via the liquid crystal layer 25. 

In this example, the seal 26 was formed by print- 
ing an adhesive sealing agent containing 7 nm-size 
spacers around the entire edges of the reflector 17 
and the active matrix substrate 20 by a screen printing 
method. The space surrounded by the seal 26 is filled 
with the liquid crystal by vacuum deaeration, so as to 
form the liquid crystal layer 25. In this example, a 
guest-host liquid crystal with a black-dye mixture 
(ZL12327 manufactured by Merk) containing an opti- 
cally active substance (S811 manufactured by Merk) 
by 4.5% was used for the liquid crystal layer 25. 

Figures 12a and 12b show the relationship be- 
tween the voltage V and the reflectance Rf of the thus 
formed reflective liquid crystal display panel in the 
case of having the convex portions 14 shown in Fig- 
ures 4d and 4f, respectively. The reflectance Rf was 
measured under the same conditions as shown in Fig- 
ure 3, where the reflective liquid crystal display panel 
was placed at the position of the model 1. The voltage 
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V represents a voltage applied between the pixel elec- 
trodes 23 and the reflective film 1 6, and the reflect- 
ance Rf represents a reflectance of an incident ray 
introduced at an incident angle 9 of 30°. The reflect- 
ance Rf is obtained by calculating a ratio of the inten- 5 
sity of a scattering ray from the reflective liquid crystal 
display panel as the object for measuring in the direc- 
tion of the normal thereof to that of a scattering ray 
from a standard white plate in the direction of the nor- 
mal thereof. In Figures 12a and 12b, the solid-line cur- 10 
ves 30 and 31 show the respective properties when 
the angle $ = 0°, and the dashedline curves 32 and 33 
show the respective properties when the angle $ = 
90°. The reflectances of the former are higher than 
those of the latter, respectively, reaching as high as is 
50%. The contrast ratio of the display device of this 
example was 15 to 20. Thus, it has been proved that 
the reflective liquid crystal display device of this 
example provides a very bright screen. 

In this example, the convex portions 14 of the ref- 20 
lector 17 having longitudinal and lateral pitches of 38 
to 53 um and a height of 4 uin were used. However, 
it has been confirmed that the reflective properties of 
the liquid crystal display device can be controlled in 
the same manner as described above with the reflec- 25 
tor 17 having convex portions 14 with pitches of 100 
urn or less and a height of 10 urn or less. Further, 
when the reflector 17 covered with the reflective film 
16 (not shown) is disposed facing the liquid crystal 
layer 25 as shown in Figure 1 1 , it is preferable to set 30 
the height of the convex portions 1 4 of the reflector 1 7 
lower than the thickness of the liquid crystal layer 25 
and to make the inclined sides of the convex portions 
14 gentle so as not to disturb the orientation of the 
liquid crystal layer 25. 35 

The material for the resist film 12 used for the ref- 
lector 17 is not limited to the product OPFR-800, but 
any photosensitive resins which can be patterned in 
a light-exposure process positively or negatively can 
be used for this purpose. Such resins include, for 40 
example, OMR-83. OMR-85, ONNR-20, OFPR-2, 
OFPR-830, OFPR-5000 manufactured by Tokyo 
Ohka Kogyo Co.. Ltd., TF-20, 1 300-27, 1400-27 man- 
ufactured by Shipley, Photoneys manufactured by 
Toray, RW101 manufactured by Sekisui Fine Chem- 45 
ical Co.. and R101 and R633 manufactured by Nippon 
Kayaku Co. 

A transparent glass substrate was used for the 
core substrate 1 1 of the reflector 17, but a non-trans- 
parent substrate such as a Si substrate can be used so 
to achieve the same effect. The non-transparent sub- 
strate has an advantage of being able to integrate cir- 
cuits on the substrate. 

In the liquid crystal display panel of this example, 
the reflective film 1 6 of the reflector 1 7 faces the liquid 55 
crystal layer 25, reducing the distance between the 
reflective film 16 and the liquid crystal layer 25 and 
thereby reducing the parallax so as to give a quality 



display image. Further, the reflective film 16 functions 
as a counter electrode for the pixel electrodes 23 of 
the active matrix substrate 20, thereby realizing the 
simple structure of the liquid crystal display panel and 
the easy manufacture thereof. 

Moreover, as shown in Figure 13, a color filter 37 
can be disposed corresponding to each pixel elec- 
trode 23 of the active matrix substrate 20 and a black 
mask 38 between the adjacent color filters 37, so as 
to realize a reflective color liquid crystal display panel. 
An effective color display can be obtained by using 
the above structure of this example, that is, disposing 
the reflector 1 7 opposed to the active matrix substrate 
20 having the aligning layer 24. Alternatively, it is 
possible to use the reflective film formed on the con- 
vex portions as the pixel electrodes. In this case, the 
reflective film should be formed in a matrix and elec- 
trically connected to the TFTs 22. 

It is also possible to employ display modes other 
than the above-mentioned phase-change guest-host 
mode, such as a light absorption mode like a two-layer 
guest-host mode, a light scattering mode like a 
polymer dispersing LCD. or a birefringent display 
mode used for a ferroelectric LCD. 

It is understood that various other modifications 
will be apparent to and can be readily made by those 
skilled in the art without departing from the scope and 
spirit of this invention. Accordingly, it is not intended 
that the scope of the claims appended hereto be 
limited to the description as set forth herein, but rather 
that the claims be construed as encompassing all the 
features of patentable novelty that reside in the pre- 
sent invention, including all features that would be 
treated as equivalents thereof by those skilled in the 
art to which this invention pertains. 



Claims 

1 . A reflective liquid crystal display device compris- 
ing: 

an insulating substrate having a transpa- 
rent electrode formed thereon; 

a reflector including a core substrate, a 
number of small convex portions formed on the 
core substrate by patterning a photosensitive 
resin applied to one surface of the core substrate 
by use of a photomask having a predetermined 
pattern, and a reflective film covering the surface 
of the core substrate having the convex portions; 
and 

a liquid crystal layer sandwiched between 
the insulating substrate and the reflector. 

2. A reflective liquid crystal display device according 
to claim 1 , wherein the surface of the reflector on 
which the reflective film is formed faces the liquid 
crystal layer. 
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3. A reflective liquid crystal display device according 
to claim 2, wherein the reflective film of the reflec- 
tor functions as a counter electrode for the trans- 
parent electrode on the insulating substrate. 

5 

4. A reflective liquid crystal display device according 
to claim 1, wherein the convex portions are for- 
med at a pitch of 1 00 \m or less and have a height 
of 10 urn or less. 

10 

5. A reflective liquid crystal display device according 
to claim 2, wherein the convex portions are for- 
med at a pitch of 100 |*m or less and have a height 
of 10 (im or less. 

15 

6. A reflective liquid crystal display device according 
to claim 3, wherein the convex portions are for- 
med at a pitch of 1 00 mn or less and have a height 
of 10 ^tm or less. 

20 

7. A method for fabricating a reflective liquid crystal 
display device provided with a reflector including 
a core substrate, a number of small convex por- 
tions formed on the core substrate and a reflec- 
tive film covering the surface of the core substrate 25 
having the convex portions, the method compris- 
ing the steps of: 

patterning a photosensitive resin applied 
to one surface of a core substrate for the reflector 
by use of a photomask so as to form a number of 30 
small convex portions on the core substrate; 

heat-treating the core substrate having the 
convex portions; and 

forming a reflective film on the surface of 
the core substrate having the convex portions. 35 
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(g) A reflective liquid crystal display device and a method for fabricating same. 



(57) A reflective liquid crystal display device com- 
prising a reflector (17) with a number of small 
convex portions (14) of the same shape is pro- 
vided. The reflector is formed by patterning a 
photosensitive resin applied to one surface of a 
core substrate (11) to a predetermined pattern 
so as to form a number of small convex portions 
(14), heat-treating the surface having the con- 
vex portions, and covering the surface with a 
reflective film (16). By suitably selecting the 
shape of the convex portions (14), the reflective 
properties of the reflector are controlled. 
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